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ABSTRACT

| @20k

This report presents a compilation of shock and vibration data
measured on eight Thor-related vehicles. These dynamic data

are in the form of acceleration spectral densitiles, composite

Gpg time histories, and peak accelerations for prominent sinu~
solds. In addition, there are descriptions of the flight vehicles,
tabulations of trajectory data as functions of time, descriptions
of the transducers and their locations and mounting structures,
descriptions of the telemetry equipment and channels and of the

data reduction process.

Since the purpose of this report is only to report actual flight
vibration and shock data, no discussion and interpretation of
data or test results are included. All data is presented in
tabular or graphical form.

Descriptors: vibration Thor
acceleration Delta
shock Agena
Asset
trajectory
instrumentation
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PREFACE

This report was prepared by the Vibration, Shock & Acoustics
Section of Douglas Aircraft Company, Inc., Missile & Space
Systems Division, for the NASA, langley Research Center, under
Contract No. NAS1-4329. This report fulfills all the require-
ments of this contract. The organization and general contents
of the report are compatible with those suggested by the NASA
in their Invitation for Bid I4292.

The preparation of this report was accomplished during the
period October-November, 1964.
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INTRODUCTION

The Douglas Aircraft Company, Inc. (DAC) has acquired shock and vibra-

tion data on a total of 53 Thor and Thor-related flight vehicles. Most
of these data have been reduced from magnetic tape, analyzed, and docu-
mented in report format for the contracting agencies. However, flight

vibration data obtained from eight Thor-related vehicles have not been

documented in report format since these data to date have been used

solely by DAC for comparison with design criteria.

This report presents the shock and vibration flight data obtained from
these eight Thor-related vehicles. Included with these flight data are
descriptions of the flight vehicles, tabulations of trajectory date as
functions of time, descriptions of the transducers and of their mounting
structures, and descriptions of the data acquisition and reduction sys-
tem. The flight vibration data are presented in the form of time histories
of composite G, vibration levels, acceleration spectral density analyses,
and peak accelerations (g o-peak) of prominent sinusoids. No analyses or
interpretations of the data are presented, since they were not the objec-

tive of this contract.

FLIGHT VEHICLE

The eight Thor-related vehicles discussed in this report include two
Thor/Agenas (boosters. SN 353 and 365), a Thor/Asset (booster S/N 232),

two Thor/Delta/Assets (boosters, S/N 240 and 250), and three vehicles
designated only as DSV-2J (S/N 20002, 20003, and 20006). Figures 1, 2, 3,

and 5, respectively, show these vehicle configurations.

All of these vehicles employed for their booster stage either the basic
Thor booster (DSV-2A) or some modification of this configuration. The
Thor/Agenas employed a DSV-2A configuration Thor booster, which utilizes
a (Rocketdyne MB-3 Block II) main engine having a nominal thrust of
170,000 1bs. The Thor/Asset employed a DSV-2F booster configuration,
which features a .125 inch aluminum doubler over the .063 inch aluminum
skin covering the guldance section, and includes other minor structural

variations upon the basic Thor booster. The DSV-2F booster employs a



III.

Rocketdyne MB-3 Block I main engine with a nominal thrust of 150,000 lbs.
The Thor/Delta/Assets employed a DSV-2G configuration booster, which em=-
bodies a number of minor structural changes over the basic Thor booster;
these modifications, however, do not affect the measured vibration data
relative to other Thor vehicles. The DSV-2G booster utilizes a Rocketdyne
MB-3 Block II main engine with a 170,000 1lb thrust. The DSV-2J vehicles
employed a DSV-2J configuration Thor booster, which has an extended guid-
ance section structure. This booster utilizes a Rocketdyne MB-3 Block I
main engine with a nominal thrust of 150,000 lbs.

The Thor/Agena and Thor/Delta/Asset vehicles also employed a second stage,
which had its own propulsion system and guidance system. The second stage
of the Thor/Agena was the Lockheed-built Agena D vehicle, with a nominal
thrust of approximately 15,000 lbs and weight of approximately 17,300 lbs.
The second stage of the Thor/Delta/Asset was the Douglas-built Delta
vehicle, with a nominal thrust of 7,500 lbs and a weight of 6,100 1bs.

The Asset payload of the Thor/Asset and Thor/Delta/Asset vehicles is &
McDonnell-built, winged, re-entry vehicle having a high lift-to-drag ratio.
The payloads of the DSV-2J vehicles and of the Thor/Agena vehicles are
classified.

FLICHT TRAJECTORY DATA

Actual flight trajectory data were determined for all the vehicles for

the time period from liftoff through main engine cutoff (MECO). The speci-
fic parameters of vehicle weight, mach number, dynamic pressure, altitude,
fuel weight, and oxidizer weight were recorded as a function of time (in
10-second increments) and are presented in Tables 1 through 8. The two
Thor/Delta/Asset vehicles were instrumented to obtain envirommental data
alsa during second stage flight. Due to a malfunction at separation from
the booster, no data were obtained from one vehicle (booster S/N 240); the
data obtained during second stage flight of the other vehicle (booster

S/N 250), however, were obtained. Therefore, flight trajectory data for
this vehicle were determined for second sage flight also and are included

in Table 8.



INSTRUMENTATION

A. Transducers

Piezoelectric and strain gage type accelerometers were both employed
to acquire shock and vibration data. Specifie characteristics of the
transducers and associated amplifiiers are tabulated in Table 9.

It should be noted that the accelerometers were mounted at locations
where they would measure input vibration levels to critical equipment
and, in one instance, to the paylcad. As indicated in Table 10, these
locations included (1) the bracket supporting the flight controller,

(2) the bracket supporting the BTL-600 guidance unit (as noted in
Table 10, the BTL-600 guidance unit was mounted in the second stage of
the two Thor/Delta/Asset vehicles), (3) a stringer to which the distri-
bution box was attached, and (h) a cross beam located at interface of
the Asset vehicle and the adapter beneath it. The data measured at this
latter location were obtained by McDonnell Aircraft Company to determine
the low frequency vibration loads transmitted to the Asset vehicle along
the longlitudinal axis.

Table 10 presents the resonance frequencies and amplification factors of
the structure upon which these transducers were mounted. These reso-~
nance frequencles and amplification factors were obtained from several
ground vibration tests. Figures 1 through 5 present illustrations of

the accelerometer locations and also detalled views of the accelerometer

mountings.
B. Telemetry

Vibration data were transmitted from the launch vehicle to ground receiv-
ing stations via FM/FM telemetering systems. The subcarrier oscillator
bands conformed to IRIG standards. Table 11 defines the subcarrier center
frequency and percent deviation utilized, and also the nominal intelligible
upper frequency limit (cutoff frequency) for each channel. Based on a
series of tests conducted by Douglas 1t 1s concluded that the rolloff at
the cutoff frequency is as follows:



Subcarrier Center Total Rolloff Upper Frequency

Frequency (KC) (db) Limit (cps)
Lo #15% 3 1200
22 159 5 660
.5 *7.59 5 220
10.5 27.5% 3 160

It should be noted that the total rolloff derives from two sources: the
low pass (Caussian) filters in the data playback system (Figure 6) and the
characteristics of the subcarrier oscillators in the telemetry system
(Figure 7). It is known that the rolloff due to the Gaussian filters is

3 db at the cutoff frequency.

The data acquisition system was not calibrated above the upper cutoff fre-
quency of the respective telemetry channel; therefore, data that are beyond
this frequency are not meaningful. The noise level of the telemetry was
determined to be approximately 4% of the full-scale setting of each channel.

C. Ground Receiving System

Telemetry flight data from the eight vehicles were recorded at three differ-
ent ground stations depending on the launch site., Ground receiving tape
recorders (see Table 12) at each station were comparable in performance,
meeting IRIG standards for FM/FM recorded signals. The tape recorders had
a frequency response characteristic that was flat o4 1/2 db) throughout

the entire frequency frange from O cps to approximately 100,000 cps. The
noise floor of the tape recorder was less than 1% of full scale setting of

each channel.

DATA

———

A. Analysis

The vibration data required from the eight Thor-related vehicles were charac-
teristically of a random, sinusoidal, and transient acceleration nature.
These data are presented in this report in either graphic or tabular form.

Time histories of ans vibration for all eight vehicles at one or more accelero-
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meter locations are presented in Figures 8 through 18. Discrete sinue
soids of interest for each vehicle have been tabulated in Table 13.
Acceleration spectral density analyses of important and characteristic
steady-state vibration periods are presented in Figures 19 through 27.
These vibration periods include liftoff, subsonic flight, transonic
flight, periods of peak vibration, Mach 1, maximum dynamic pressure, and
supersonic flight. Figure 7 presents & schematic of the data reduction
system used in obtaining the vibration time histories and acceleration

spectral density analyses.

The transient accelerations associated with each flight are produced by

the cutoff of the Thor booster's main engine. Spectral analyses of tran-
slent accelerations are ordinarily reduced in shock spectra format. How-
ever, for these eight vehicles, shock spectra analyses were not performed.
Both spectral characteristics and peak accelerations for this flight condi-
tion have been established from flight data previously recorded on other

Thor vehicles and have been documented in the reference reports in Appendix I.
Composite shock levels, however, can be determined from the time histories

of the flight data, which are presented in graphic form for each of the

eight vehicles.

The sinusoidal vibrations observed on the eight vehicles were produced by
transient and oscillatory phenomena associated with the Thor booster. Peak
levels and frequency characteristics of the sinusoids are presented in
Table 13. Low frequency sinusoids below 30 cps were determined by filter-
ing the composite signal through 45-cps low pass filters and recording the
filtered signal on a high speed oscillograph.

The presence of multiple sinusoids were determined from the wave-shape of
the filtered signals. For multiple sinusoidal signals, narrow band spectral
analyses in l- and 2-cps bandwidths were digitally performed to identify

the sinusoidal frequencies. The sinusoids were subsequently reduced through
both a 45-cps low pass filter and Bruel and Kjaer wave analyzer, and then
recorded on an oscillograph. Calibration signals were also reproduced
through the same data reduction equipment to establish insertion loss and
frequency response characteristics of the data reduction system, for use in
establishing corrections for the sinusoidal signals. The high frequency



sinusoids were established from 2 one-third octave band analyses of the

flight data. Output signals were recorded on an oscillograph.

In obtaining the acceleration spectral density analyses, statlonary
vibration periods were selected. The filtered information from the
discriminator was passed through an analog-to-digital converter and the
digitized data fed into an IBM 709% computer. Table 12 presents the
specific equipment models used by Douglas in its data reduction system.
The Douglas computer program used in the analysis of stationary vibration
data is called TD6O. The TD6O analysis program contains three separate
programs: the acceleration spectral density analysis, the amplitude

distribution, and the cross spectrum.

The acceleration spectral density analysis produces a plot of the parameter-
squared-per-unit-bandwidth versus frequency by Fourier cosine transformation
of the auto-correlation function of the particular stationary parameter
being analyzed. All computed acceleration spectral density values are con-
verted to a decibel scale and are printed as such on the tabulation with

the corresponding frequencies. A tape output is available for automatic

x-y plotting using an SC 4020 recorder.

The maximum dynamic range of analysis is approximately 40 decibels. Resolu-
tion and accuracy are traded off according to the relationship

- 200
Ee'f'r

where

E is the width of the 90% confidence interval in decibels

Af is the resolution in cps (the analysis will resolve peak Af
apart)

T is the sample duration in seconds.

The maximum number of input data points at the present time is 20,000. A

maximum number of 1,000 acceleration spectral density values may be computed.



B. Accuracy and Validity of the Data

The flight data accuracies are based on signal degradation from compo=
nents which constitute the data acquisition and data reduction system.
Probable errors associated with each data presentation (Grms vs time,

peak sinusoidal levels, and acceleration spectral density analyses)

were computed from test data acquired for representative shock and
vibration data systems. The probable error associated with the composite
vibration time histories (G,.) is 2.2 aB ( 228%). The accuracy of the
acceleration spectral density analysis for random vibration data, as pre-
viously shown, is a function of data sample numbers of digital points
used, etc. In general, these analyses are accurate based on a 90% con-
fidence level to i'1.5 dB. Therefore, the probable error associated with
the acceleration spectral density analysis is tl.8 dB ( i-’30%). The
probable error of the discrete sinusoidal vibration levels is alsc 1:1.8 dB
( Z209).

The Acceleration Spectral Density Analyses for the DSV-2J flights were
produced using a resolution of 10 cps. All of the other acceleration
spectral density analyses used a resolution of 20 cps. Consequently, the
DSV-2J acceleration spectral density analyses are invalid below 10 cps,
and all the other acceleration spectral density analyses are invalid below

20 cps.

It should be pointed out that the spectrum shapes of several acceleration
spectral density analysis (Figures 20b, 20d, 26a, 26b, and 26c) appear
unusual in that the peak spectral level occurs at very low frequency. An
extensive study of these reduced data have been made and to date these data
cannot be shown to be in error. However, use of this information should be
tempered with the knowledge that these data do not typify the characteristics
of Thor structural response, as can be seen by reviewing other spectrum plots

presented in this report.

All of the data presented in this report is considered to be valid (i.e.,
of good quality). Unreliable data (i.e., data exhibiting (1) excessive
preflight and/or inflight noise and/or (2) distorted wave form, etc.)

have not been included in this report.



Of the data included in this report, the following statements can

be made.

Vehicle No. and Channel

DSV-2J No. 20002
(radial vibration)

DSV-2J No. 20006
(radial vibration
thrust vibration$

DSV-2J No. 20003
(radial vibration)

Thor/Asset
Booster S/N 232

Thor/Delta/Asset,
Booster S/N 240

Thor/Delta/Asset
Booster S/N 250

Thor/Agena,
Booster S/N 353

Thor/Agena,
Booster S/N 365

Remarks

Data on this channel are of good
quality throughout flight. Although
bandedge levels are exceeded by a
factor of about 10% during liftoff
and transonic flight, there is no
indication of distortion in the
acceleration density spectra.

Both channels are of good quality
throughout flight. Peak amplitudes
never exceed bandedge levels.

Data on this channel are of good
quality throughout flight.

All data are of good quality; however,

at the Asset/Adapter interface the

flight data was very low in level and
was beneath the data acquisition system
threshold noise level at all times except
liftoff and Mach I.

Data are of good quality at all times.
However, telemetry dropout occurred

at stage separation; consequently,

there are no data after this event. All
three of the Acceleration Spectral Density
plots of data from the second stage appear
unusual in spectrum.

Data are of good quality at all times
except second stage (i.e., Delta) ignition.
At this time the signal dropout occurs

for about 1/2 second.

Data are of good quality throughout flight.

Data are of good quality throught flight.
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APPENDIX

A BIBLIOGRAPHY OF FLIGHT VIBRATION REPORTS ON THOR
AND THOR/RELATED VEHICLES

Summary of Measured Shock and Vibration Environments - LV-2A (DSV-2C)
Booster -- S. R. Lane, Douglas Report SM-44ol2, January 196k.

Analysis of Shock and Vibration Data - DSV-3B Delta Vehicle Number 15 --
E. C. Meltzer, Douglas Technical Memorsndum A2-860-Kili1l-TM-3, April 1963.

Analysis of Shock and Vibration Data - DSV-3B Delta Vehicle Number 16 --
W. F. Arndt, Douglas Technical Memorandum A2-860-Kikl-TM-5, May 1963.

Analysis of Shock and Vibration Dats - DSV-3B Delta Vehicle Number 17 --
W. F. Arndt, Douglas Technical Memorandum A2-860-Kilil-TM-6, June 1963.

Analysis of Shock and Vibration Data - DM-19 Delta Vehicle Number 9 --
E. C. Meltzer, Douglas Technical Memorandum A2-860-A326-TM-T, July 1963.

Anslysis of Twenty-Cycle Vibration Data Measured on Four Delta Vehicles,
DSV-3B Delta Vehicle Numbers 19, 20, 22, and 23 -- W. F. Arndt, Douglas
Report SM-45183, July 196k.

Study of Thor Vibration Study -- D. G. Douglas, Space Technology Leb-
oratories, Inc. Report STL/TR—S9-OOOO-09922, December 1959.
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